(3,3 H -bipy is 3,3 H -bipyridine, dpa is 4,4 H -dipyridylamine, phen is 1,10-phenan-throline and 2,2 H -bipy is 2,2 H -bipyridine). All the Co II atoms in these complexes achieve octahedral sixfold coordination with O and N atoms. We report here the crystal structure of the title complex, (I), which is the ®rst example of Co II in a trigonalbipyramidal pentacoordinate geometry in the vanadate/CoL n system.
The structure of (I) is composed of bimetallic oxide [Co 2 V 4 O 12 ] layers of corner-shared V-centred tetrahedra and Co-centred trigonal bipyramids (Figs. 1, 2 and 3 
Figure 2
A ball-and-stick model of the [Co 2 V 4 O 12 ] layer in (I). The symmetry codes are as in Fig. 1 .
Figure 1
A view of the molecule of (I) with displacement ellipsoids drawn at the 50% probability level. H atoms have been omitted [symmetry codes: (i) Àx, À1 À y, À2 À z; (ii) x, 1 + y, z; (iii) 1 À x, À1 À y, À2 À z;
V2 ii ÐV1 ii and CoÐV1 i ÐCo i ÐV1, respectively) [symmetry codes: (i) Àx, À1 À y, À2 À z; (ii) x, 1 + y, z; (iii) 1 À x, À1 À y, À2 À z]. The apical positions of the Co trigonal bipyramid are occupied by atoms N1 and N2 from different 4,4 H -bipyridine ligands, thereby joining the polyhedral layers.
In the trigonal bipyramid, the mean axial CoÐN bond length (2.139 A Ê ) is signi®cantly longer than the mean basal CoÐO distance (1.984 A Ê ). The axial N1ÐCoÐN2 angle is almost linear [179.3 (1) ]. The OÐCoÐO angles lie between 109.8 (1) and 128.7 (1) . The OÐCoÐN bond angles vary between 88.5 (1) and 91.8 (1) . The V1O 4 tetrahedron cornershares atoms O1 and O5 i from two CoN 2 O 3 polyhedra, and atoms O4 and O6 from two V2O 4 tetrahedra. The V2O 4 tetrahedron is corner-shared with two V1O 4 tetrahedra and only one symmetry code: (vi) x À 1, y, 1 + z] in two adjacent layers of the bimetallic oxide are crosslinked by a 4,4 H -bipyridine ligand to form a three-dimensional network (Fig. 3) . The two pyridine rings, N1,C1±C5 and N2 vi ,C6 vi ±C9 vi ,C10, in the 4,4 Hbipyridine ligand are twisted relative to each other by 37.9 (2) ( Fig. 1 ).
Experimental
All reagents were of analytical grade and were used without further puri®cation. Hydrothermal reaction of CoCl 2 (0.0962 g), NH 4 VO 3 (0.0433 g), 4,4 H -bipyridine (0.1157 g), (CH 3 ) 4 NOH (0.0338 g) and H 2 O (10 ml) in a 20 ml Te¯on-lined steel autoclave at 453 K for 72 h gave black plate-shaped crystals of (I) (yield 0.04 g). Found: H 1.92, C 28.75, N 6.67, V 24.82, Co 15.24%; calculated for C 10 H 8 CoN 2 O 6 V 2 : H 1.95, C 29.08, N 6.78, V 24.67, Co 14.27%. The IR spectrum exhibits bands in the range 1000±1610 cm À1 , corresponding to 4,4 H -bipyridine, and other bands in the range 920±500 cm À1 , attributed to V O or VÐOÐV stretching. Thermogravimetric analysis shows a weight loss of 44.48% in the range 301±703 K, corresponding to the decomposition of 4,4 H -bipyridine.
Crystal data
[CoV 2 O 6 (C 10 H 8 N 2 )] M r = 412.99 Triclinic, P1 a = 8.1634 (9) A Ê b = 8.572 (1) A Ê c = 10.171 (1) A Ê = 87.079 (5) = 75.833 (4) = 75.233 (6) V = 667.2 (2) A Ê 3 Z = 2 D x = 2.055 Mg m À3 Mo K radiation Cell parameters from 3503 re¯ections = 3.1±27.5 " = 2.63 mm À1 T = 296 K Plate, black 0.2 Â 0.2 Â 0.1 mm
Data collection
Rigaku R-AXIS RAPID imagingplate diffractometer 3 scans Absorption correction: numerical (Higashi, 1995) T min = 0.597, T max = 0.769 3920 measured re¯ections 2961 independent re¯ections 2174 re¯ections with F 2 > 2'(F 2 ) R int = 0.032 max = 27.5 h = À10 3 10 k = À11 3 10 l = À13 3 13
Re®nement
Re®nement on F 2 R(F ) = 0.044 wR(F 2 ) = 0.174 S = 1.92 2340 re¯ections 190 parameters H-atom parameters constrained
All H atoms of the 4,4 H -bipy group were placed in ®xed positions with ideal CÐH distances (1.07±1.08 A Ê ) and ®xed U iso parameters (0.033 A Ê 2 ).
Data A perspective view of the three-dimensional structure of (I). H atoms have been omitted. Symmetry codes: (i) ÀxY À1 À yY À2 À z; (ii) xY 1 yY z; (iii) 1 À xY À1 À yY À2 À z. TEXSAN (Molecular Structure Corporation, 1985) ; molecular graphics: ORTEPII (Johnson, 1976) ; software used to prepare material for publication: TEXSAN (Molecular Structure Corpora tion, 1999) .
Supplementary data for this paper are available from the IUCr electronic archives (Reference: TA1336). Services for accessing these data are described at the back of the journal.
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Special details
Refinement. Refinement using reflections with F 2 > 1.0 σ(F 2 ). The weighted R-factor (wR) and goodness of fit (S) are based on F 2 . R-factor (gt) are based on F. The threshold expression of F 2 > 2.0 σ(F 2 ) is used only for calculating R-factor (gt).
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (2) 0.024 (1) −0.007 (1) 0.0046 (9) −0.006 (1) C5 0.028 (1) 0.011 (1) 0.024 (1) −0.006 (1) 0.0051 (10) 0.001 (1) C6 0.024 (1) 0.019 (1) 0.021 (1) 0.001 (1) −0.0024 (9) −0.0037 (10) C7 0.027 (1) 0.021 (2) 0.021 (1) −0.005 (1) −0.0017 (10) −0.001 (1) C8 0.018 (1) 0.022 (2) 0.018 (1) −0.0050 (10) 0.0048 (9) 0.004 (1) C9 0.014 (1) 0.032 (2) 0.020 (1) −0.005 (1) 0.0041 (9) 0.000 (1) C10 0.015 (1) 0.030 (2) 0.013 (1) −0.005 (1) −0.0001 (8) −0.007 (1) Geometric parameters (Å, º) 
